We have made new CO observations of two molecular clouds, which we call "jet" and "arc" clouds, toward the stellar cluster Westerlund 2 and the TeV γ-ray source HESS J1023−575. The jet cloud shows a linear structure from the position of Westerlund 2 on the east. In addition, we have found a new counter jet cloud on the west. The arc cloud shows a crescent shape in the west of HESS J1023−575. A sign of star formation is found at the edge of the jet cloud and gives a constraint on the age of the jet cloud to be ∼Myrs. An analysis with the multi CO transitions gives temperature as high as 20 K in a few places of the jet cloud, suggesting that some additional heating may be operating locally. The new TeV γ-ray images by H.E.S.S. correspond to the jet and arc clouds spatially better than the giant molecular clouds associated with Westerlund 2. We suggest that the jet and arc clouds are not physically linked with Westerlund 2 but are located at a greater distance around 7.5 kpc. A microquasar with long-term activity may be able to offer a possible engine to form the jet and arc clouds and to produce the TeV γ-rays, although none of the known microquasars have a Myr age or steady TeV γ-rays. Alternatively, an anisotropic supernova explosion which occurred ∼Myr ago may be able to form the jet and arc clouds, whereas the TeV γ-ray emission requires a microquasar formed after the explosion.
INTRODUCTION
High-mass stars influence the interstellar medium (ISM) throughout their lifetime both in physical and chemical contexts. High-mass stars compress the surrounding ISM via H II regions, stellar winds, and supernova (SN) explosions and may trigger subsequent star formation (see e.g., Yamaguchi et al. 1999; Zavagno et al. 2006; Deharveng et al. 2010; Dawson et al. 2011) . The SN explosions also inject heavy elements into the interstellar space and form compact stellar remnants like neutron stars and black-holes, leading to high-energy objects such as microquasars and pulsar wind nebulae (PWNe) . Including all these processes, high-mass stars play a crucial role in the galactic evolution through the tight linkage with various energetic events. In spite of the importance of the high-mass stars, a number of astrophysical issues yet remain unanswered. One of them is cosmic ray (CR) acceleration. While supernova remnants (SNRs) (e.g., RX J1713.7−3946: Aharonian et al. 2006b Aharonian et al. , 2007c ; RX J0852.0−4622: Aharonian et al. 2007b) and PWNe (e.g., HESS J1825−137: Aharonian et al. 2006c ; Vela X: Abramowski et al. 2012b ) are generally believed to be the most plausible sites of CR acceleration via the diffusive shock acceleration (e.g., Bell 1978; Blandford & Ostriker 1978) , it is also expected that young stellar clusters (e.g., Westerlund 1: Abramowski et al. 2012a ), γ-ray binaries (e.g., LS5039: Aharonian et al. 2006a ; LS I+61
• 303: Albert et al. 2006) , and microquasars (e.g., Bosch-Ramon et al. 2005 ) may be additional acceleration sites. The CR electrons emit γ-rays via inverse Compton scattering with ambient radiation fields (called leptonic origin) and, on the other hand, the CR protons emit γ-rays by interacting with protons in their surrounding medium (called hadronic origin). Recent progress of the high resolution γ-ray observations are revealing new aspects of CR acceleration sites as offered by the γ-ray telescopes including H.E.S.S. , MAGIC (Lorenz 2004) , VERITAS (Holder et al. 2006) , Fermi (Michelson et al. 2010) , and AGILE (Tavani et al. 2009 ).
The very high energy γ-ray survey for the Galactic plane by High Energy Stereoscopic System (H.E.S.S.) unveiled an extended TeV γ-ray source, HESS J1023−575 (Aharonian et al. 2007a) toward the young rich stellar cluster Westerlund 2 (hereafter Wd 2). Wd 2 is one of the rare super star clusters in the Galaxy associated with the H II region RCW 49 (Portegies Zwart et al. 2010) and its stellar mass and age are estimated to be ∼ 10 4 M ⊙ (Ascenso et al. 2007; Rauw et al. 2007 ) and ∼ 2 -3 Myr (Piatti et al. 1998) . Since no SNRs and pulsars were known at the time of the discovery, it was discussed that the γ-ray may be due to the dynamical activity like the stellar-wind collision from the cluster (Aharonian et al. 2007a) , and theoretical models of γ-rays production via the stellar wind were discussed (e.g., Bednarek 2007; Manolakou et al. 2007 ). Aharonian et al. (2007a) also discussed an alternative that a blister of the H II region RCW 49 (Whiteoak & Uchida 1997 ) is a candidate for the γ-ray origin, since the peak position of the γ-ray source is shifted by 8 arcmin from the center of Wd 2 and coincident with the blister, noting that the size of the γ-ray source may be too large to be formed by the stellar-wind collisions from the WRs and Otype stars. Subsequently, analyses of the Suzaku X-ray spectra indicate that α-elements are over abundant compared with iron, suggesting that the ISM may have experienced some SN explosions (Fujita et al. 2009a ). Fujita et al. (2009b) argued that the shock front of an SNR occurred in the past may have accelerated CRs and emit the TeV γ-rays by the interaction with the molecular gas toward Wd 2. Recently, Fermi collaboration discovered a γ-ray pulsar PSR J1023−5746 near the peak position of the TeV γ-ray source (Saz Parkinson et al. 2010) . Ackermann et al. (2011) suggested that HESS J1023−575 was an associated PWN. The Suzaku X-ray observations, however, did not detect pronounced synchrotron emission toward the Wd 2 region, whereas the non-thermal X-rays are a general characteristic of PWNe (Fujita et al. 2009a ). The interpretation in terms of the PWN thus remains yet unsettled. Most recently, H.E.S.S. Collaboration (2011b) made new H.E.S.S. observations toward Wd 2 with 3.5 times more integration time than Aharonian et al. (2007a) . These new observations have higher sensitivity than the earlier observations and presented the TeV γ-ray distribution in the two energy bands, 0.7 -2.5 TeV and > 2.5 TeV, as well as a few additional features within 1
• of Wd 2. In order to search for molecular gas which is associated with Wd 2 and the γ-ray source, Fukui et al. (2009, hereafter Paper I) studied molecular clouds by using the 12 CO (J=1-0) transition at 2.6 arcmin resolution from the NANTEN galactic plane survey (NGPS) (Mizuno & Fukui 2004) . The CO emission in the region is fairly complicated since the region is close to the tangential point of the Carina arm at l ∼ 280
• (e.g., Grabelsky et al. 1987) . The region has several CO components in a range from −10 km s −1 to 30 km s −1 (Dame 2007; Furukawa et al. 2009 ). Furukawa et al. (2009) and Ohama et al. (2010) showed that two giant molecular clouds (GMCs) at 4 km s −1 and 16 km s −1 are physically associated with Wd 2 and RCW 49 as supported by the morphological correspondence and physical association with RCW 49, while the more spatially extended GMC peaked at 11 km s −1 is not directly associated with Wd 2 on a 10-pc scale. Paper I reported the discovery of two additional unusual CO clouds in a velocity range 20 -30 km s −1 over a degree-scale field. These two clouds are named a "jet" cloud and an "arc" cloud and are distinguished with the italic type from general astrophysical jets such as the microquasar jet. The jet cloud shows a straight feature across ∼ 1
• and is extended only toward the east (in the Galactic coordinates). The arc cloud is located in the west of the TeV γ-ray source and has a crescent shape whose center is apparently located toward the center of the TeV γ-ray source. The association among the jet cloud, the arc cloud, and HESS J1023−575 is thus strongly suggested, whereas the association between the other two GMCs (Furukawa et al. 2009 ) and HESS J1023−575 is open. In Paper I the authors hypothesized that a microquasar jet with an SN explosion or an anisotropic SN explosion may have created the jet and arc clouds. In the both hypotheses, it was discussed that a spherical explosion formed the arc cloud, and the high-energy jet phenomenon compressed the H I gas cylindrically along the jet cloud axis to form the jet cloud. Concerning the cloud formation by the high-energy jet phenomenon, similar molecular clouds are reported toward the microquasar SS 433 and toward an unidentified driving object at (l, b) = (348.
• 5, −2
• -+2
• ) (Yamamoto et al. 2008) . Most recently, hydrodynamical numerical simulations have been carried out on such a process, demonstrating that the hypothesis offers a possible explanation for the formation of the jet cloud (Asahina et al. 2013, in preparation) . Physical association among all the objects concerned, the jet and arc clouds, Wd 2, HESS J1023−575, and PSR J1023−5746, are still uncertain. Distance determination of Wd 2 is not settled. Spectro-photometry of WR 20a and O stars gives a distance of 8.0 ± 1.4 kpc (Rauw et al. 2005 (Rauw et al. , 2007 (Rauw et al. , 2011 ), while JHK s observations give 2.8 kpc (Ascenso et al. 2007 ). Alternative distance estimates by using a flat Galactic rotation curve (Brand & Blitz 1993) independently yield 6.0 ± 1.0 kpc based on the GMC at 11 km s −1 (Dame 2007) , and 5.4 +1.1 −1.4 kpc based on the two GMCs at 4 km s −1 and 16 km s −1 identified as the parent GMCs (Furukawa et al. 2009; Ohama et al. 2010 ). We shall adopt 5.4 kpc as the distance to Wd 2 in this paper. On the other hand, the central velocity of the jet and arc clouds is ∼26 km s −1 . If we adopt the same Galactic rotation curve, the kinematic distance of the jet and arc clouds is 7.5 kpc which is different from Wd 2 by ∼2.1 kpc. The jet and arc clouds may not be physically related to Wd 2 and the γ-ray pulsar PSR J1023−5746 may not be necessarily connected with Wd 2, either. If the γ-ray pulsar is located beyond 6.0 kpc, the velocity of the pulsar required for escaping from the cluster has to be as large as 3000 km s −1 or more for a characteristic age of 4.6 kyr. Saz Parkinson et al. (2010) and Ackermann et al. (2011) therefore suggested the distance to be 1.8 -2.4 kpc.
The aim of the present work is to better understand detailed distribution and physical properties of the jet and arc clouds by observing CO at angular resolutions of 47 ′′ -100 ′′ higher than that of 160 ′′ used in Paper I. Section 2 gives observations and Section 3 presents the results. In the Section 4, we reexamine physical association among all the objects toward the Wd 2 region, the formation scenarios of the jet and arc clouds, and the origin of the γ-ray emission. We summarize the present work in Section 5.
OBSERVATIONS
We list all the observed transitions in Table  1 . In the followings we describe details of indi-vidual observations with the NANTEN2 4 m and Mopra 22 m telescopes. Observed parameters in each transition except for 13 CO(J=2-1) are summarized in Tables 2 -4 .
2.1.
12 CO(J=2-1) and 13 CO(J=2-1) observations with NANTEN2
Observations in the 12 CO(J=2-1) transition (230.538 GHz) were carried out using the NAN-TEN2 4 m telescope at Atacama in Chile in 2008 October. The beam size (HPBW) was 90 ′′ at 230 GHz corresponding to 3.3 pc at a distance of 7.5 kpc. We used a 4 K cooled superconductorinsulator-superconductor (SIS) mixer receiver whose typical system temperature at the zenith including the atmosphere was ∼300 K in the singleside-band (SSB). The spectrometer was a wide band Acousto-Optical Spectrometer (AOS) with a bandwidth of 250 MHz (325 km s −1 in velocity), a frequency spacing per channel of 145 kHz (0.19 km s −1 ), and an effective frequency resolution of 250 kHz (0.33 km s −1 ) at 230 GHz. The spectroscopic data were calibrated to the corrected antenna temperature T * A by using the ambient temperature load. For the absolute calibration, Orion-KL was observed everyday during the observations, and we adopted main beam temperatures T MB of 75 -83 K from comparison with the data of the KOSMA telescope (Schneider et al. 1998) and the 60-cm Survey telescope (Nakajima et al. 2007 ′′ was confirmed by observing Jupiter. The absolute intensity was scaled by adopting T MB =17 K for Ori-KL by comparing with the 60 cm Survey telescope (Nakajima et al. 2007 ). The r.m.s. noise level was ∼0.09 K.
2.2.
12 CO(J=1-0) and 13 CO(J=1-0) observations with Mopra Telescope Observations in the 12 CO(J=1-0) (115.271 GHz) and 13 CO(J=1-0) (110.201 GHz) lines were carried out by using the Mopra 22 m telescope of Australia Telescope National Facility (ATNF) from 2008 July to August. The beam size (HPBW) was 33 ′′ at 115 GHz corresponding to 1.2 pc at a distance of 7.5 kpc. We used the 3 mm monolithic microwave integrated circuit (MMIC) system whose typical system temperature was 600 -1000 K at the zenith including the atmosphere. The spectrometer allowed simultaneous observations of 12 CO(J=1-0) and 13 CO(J=1-0) by the Mopra Spectrometer (MOPS) zoom band mode, whose frequency resolution was 34 kHz corresponding to 0.088 km s −1 at 115 GHz. The spectroscopic data were calibrated to T * A by using the ambient temperature load. ′′ to the effective angular resolution of 47 ′′ (1.7 pc at a distance of 7.5 kpc). The r.m.s. noise level after the absolute calibration per channel were ∼0.7 K and ∼0.3 K in 12 CO(J=1-0) and 13 CO(J=1-0), respectively. The C 18 O(J=1-0) transition was observed simultaneously but was not detected over the detection limit of 0.3 K r.m.s. noise level.
RESULTS
3.1. Distribution of the Molecular Gas 3.1.1. Global Distribution Figure 1 shows the distribution of the jet and arc clouds toward Wd 2, where the 12 CO(J=1-4 0) intensity is integrated in a velocity range from 24 km s −1 to 32 km s −1 . HESS J1023−575 is located between the two clouds. Paper I suggests that the jet and arc clouds are associated with HESS J1023−5745. The Fermi pulsar at 1.8-2.4 kpc (section 1) is unlikely associated with the jet and arc clouds located at 7.5 kpc (see section 3.2), and we do not consider that the pulsar is associated with the jet and arc clouds. There is another possible high energy source toward the jet, the radio continuum point source at (l, b)=(284.
• 55, −0.
• 70) (Figure 1b) , whereas there is no additional support for its association with the jet cloud (see section 3.4). Therefore we shall hereafter adopt the assumption that the jet and arc clouds are associated with the HESS J1023−575. A straight line was determined by an intensityweighted least-squares fitting to the jet and arc clouds and the following relation is obtained;
(1) This line shows a good positional agreement with the geometric center of the HESS J1023−575 within 0.
• 05. We adopt hereafter the coordinate system defined by the line; S axis is taken along the jet cloud and T axis is taken vertical to S axis with the origin at (l, b) = (284.
• 23, −0.
• 39) close to HESS J1023−575. • 1 -0.
• 3 and S =0.
• 6 -0.
• 9, whose kinematical details are shown in the next section. The arc cloud shows a nearly symmetric distribution with respect to the jet cloud axis. Figure 3 , the 12 CO(J=1-0) data at a higher spatial resolution, was used to define five features J1 -J5 for the jet cloud at the lowest contours in Figure 3 (c) and they are depicted in Figure  5 . The jet cloud is divided into the two velocity ranges; the red-shifted features, J1, J2 and J3, and the blue-shifted features, J4 and J5. As shown in Figures 3 (a) and (b), J2 and J4 show good spatial coincidence, and J3 and J5 as well. Moreover, J3 and J5 are apparently connected in velocity in Figure 3 (c) . Then, we shall consider two possibilities on the interpretation of J4 and J5. One is that the blue-shifted and red-shifted features are physically linked. If this is the case, the velocity span of the jet cloud becomes as large as ∼10 km s −1 from the middle to the termination of the jet cloud. Another is that the blue-sifted and red-shifted features are located separately. If so, velocity widths of the individual features are ∼2 -5 km s −1 (Column 10 in Table 3 ). J3 seems to consist of two branches in the upper and lower parts in T . These two branches seem to bifurcate at S ∼ 0.
• 65 (Figures 3 a and 4 a) and have peaks at each eastern terminal positions named J3a and J3b ( Figure 5 ). The arc cloud is in a velocity range from 24 km s −1 to 29 km s −1 . Figure 6 shows the velocity channel distributions of J1 in 12 CO(J=1-0). The component in the middle of J1 in S = 0.
Details of the Jet Cloud
• 1 -0.
• 30 is winding and shows a velocity gradient from S = 0.
• 3 to S = 0.
• 1. J1 appears to show a perpendicular component at S =0.
• 3 in Figures 6 (e) -(h). Figure 7 shows the velocity channel distributions of J2 -J5 in 12 CO(J=2-1). The bifurcation to the upper and lower features in J3 are seen in panels (h) and (i). The upper branch shows bending at (S, T ) = (0.
• 8, 0.
• 05) and the lower branch also shows bending at (S, T )=(0.
• 7, −0.
• 1).
3.1.3. Details of the Arc Cloud and Evidence for the Counter Jet Cloud Figure 8 shows velocity channel distributions of the arc cloud in 12 CO(J=1-0). The integrated intensity in Figure 1 shows a clear crescent shape but the shape varies significantly in the individual velocity channels; e.g., the distribution in Figure 8 (d) is bent sharply. Another new aspect is that a feature elongated along the jet cloud axis is clearly seen in the velocity range from 25.2 km s −1 to 29.4 km s −1 . This feature is seen in S = −0.
• 4 -−0.
• 2, showing a velocity gradient from 29.4 km s −1 to 25.2 km s −1 with S. We tentatively interpret this feature as a counterpart to the previously known jet cloud and shall call "western jet cloud" for convenience. In a similar manner, we call the jet cloud in the east of Wd 2 "eastern jet cloud" hereafter.
The western edge of the western jet cloud coincides with the peak of the arc cloud. Figure 9 shows more details of the arc cloud in the positionvelocity diagrams. All the diagrams show small linewidth of less than 3 km s −1 and show no systematic velocity shift in position. If the arc cloud is part of an expanding shell as suggested by its crescent shape, we expect a systematic change of velocity with the projected radius from the center. We suggest that the arc cloud may not be a shell but is a thin filamentary feature. In the appendix A, a schematic view of a typical position-velocity diagram for an expanding ellipsoidal shell is shown for comparison.
Figure 10 (a) shows the distribution of the eastern and western jet clouds and the arc cloud superposed on the H I distribution in the same velocity range from the Southern Galactic Plane Survey (McClure-Griffiths et al. 2005) . Figure 10 (b) shows the intensity-weighted first moment map which indicates the barycentric velocity distribution in the eastern and western jet clouds and we see that the barycentric velocity increases from 26 km s −1 to 29 km s −1 in the eastern jet cloud and decreases from 28 km s −1 to 26 km s −1 in the western jet cloud from the center position of HESS J1023−575. The alignment of the two jet clouds seems good while the lengths of them are asymmetric; the eastern jet cloud has 100 pc in length and the western jet cloud has 40 pc in length at a distance of 7.5 kpc. We see a sign of an H I shell surrounding HESS J1023−575 as recognized in Paper I. The shell is elongated along the jet cloud axis with a size of 45 pc × 32 pc (Figure 10 a). Paper I suggests that the arc cloud is part of the H I shell formed under a compression related to HESS J1023−575, since HESS J1023−575 appears to be located toward the H I depression in the shell. We also confirm the elongated H I emission toward the eastern jet cloud (Paper I).
Distance of the Jet and Arc Clouds
In order to test the distance of the relevant CO features, we show in Figure 11 and the jet and arc clouds are behind RCW 49. There is no further hint about the physical linkage between the Wd 2-RCW 49-GMCs system and the jet-arc cloud system. Here we tentatively assume that the two systems are not physically associated. This assumption implies that HESS J1023−575 is not physically connected with Wd 2. We adopt a kinematic distance of the jet and arc clouds of 7.5 +0.2 −0.5 kpc from the averaged intensity weighted velocity of 26.5 km s −1 by using a flat-rotation model (Brand & Blitz 1993) , which is 2.1 kpc greater than that of the Wd 2-RCW 49-GMCs system. Here we assume that the galactic distance and rotation velocity at the Sun are 8.5 kpc and 220 km s −1 . The superscript and subscript values mean uncertainty of the distance which are derived by the kinematic distance of the most red-shifted and blue-shifted clouds among the arc and jet clouds in Table 3 . Radii and masses of the arc cloud and J1 -J5 at a distance of 7.5 kpc are summarized in Table  5 . A radius r of each cloud is derived by
where θ HPBW is the beam size in pc. A is area where 12 CO(J=1-0) is detected above 4σ in the integrated intensity in a range of 24 -32 km s
12 CO(J=2-1) in a range of 18 -24 km s −1 (J4 and J5; they are not fully covered in J=1-0). Mass is derived by
where µ is the mean molecular weight per H molecule, m H the proton mass, D the distance, Ω the solid angle of one pixel, and N i (H 2 ) the column density of each pixel. We use µ = 2.8 by adopting the helium abundance of 20% to the molecular hydrogen. The column density is estimated by using a conversion factor called as X-factor X CO from the integrated intensity of 12 CO(J=1-0), W (CO), to the column density as N (H 2 ) = X CO · W (CO). For J4 and J5 we converted 12 CO(J=2-1) integrated-intensities into 12 CO(J=1-0) intensities with J=1-0/J=2-1 ratios of 0.43 (J4) or 0.47 (J5). In the present work we adopt 1.6 × 10 20 cm −2 (K km s −1 ) −1 as the X-factor (Hunter et al. 1997 ) obtained by EGRET observations instead of 2.0 × 10 20 cm −2 (K km s −1 ) −1 (Bertsch et al. 1993 ) used in Paper I, since the former was derived with CO data by taking into account a correction factor of 1.22 in the calibration (Hunter et al. 1997) . We note that values of the X-factor derived by various works based on γ-ray observations, infrared observations, and so on (e.g., Bloemen et al. 1986; Reach et al. 1998; Dame et al. 2001 ) are in a range of (1-3) × 10 20 cm −2 (K km s −1 ) −1 . Therefore, the obtained molecular masses may include ∼50 % uncertainty.
From Table 5 the molecular mass of the eastern jet cloud (EJ), that of the western jet cloud (WJ), and that of the arc cloud are estimated to be M (EJ) = 5.6×10
4 M ⊙ , M (WJ) = 2.9×10 3 M ⊙ , and M (arc) = 2.5 × 10 4 M ⊙ , respectively. The H I mass for an area 1.
• 5 × 0.
• 8 shown in Figure 10 (a) amounts to 1.5 × 10 5 M ⊙ and the molecular gas corresponds to ∼60% of the atomic mass. These values differ from those in Paper I mainly because of the distance revised and the different X-factor.
Crossing timescale of a molecular cloud obtained by dividing the molecular cloud size by the linewidth is often used as a measure of typical cloud timescale, since this means a time in which the cloud can significantly alter its morphology. The width of the jet and arc clouds is ∼5 -10 pc, and their linewidths ∆V comp are 2 -5 km s −1 (Table 2). The crossing timescale of the jet and arc clouds is estimated to be in the order of a few Myr.
The Line Intensity Ratios; the
12 CO (J=2-1, 1-0) and 13 CO (J=1-0) Transitions Ratios between different J transitions and isotopes reflect excitation conditions and density in the molecular clouds. The excitation of molecular transitions depends on the temperature and density in the molecular gas. The line intensity ratio of the three transitions are summarized in Figures  12 and 13 . The 1-0 data were Gaussian smoothed to a 90 ′′ beam size. Figure 12 shows distributions of the integrated intensity ratio of 12 CO(J=2-1) to 12 CO(J=1-0), R 2−1/1−0 , where the both lines are detected above 4σ. Although the average of the ratio is 0.45, the ratio exceeds 0.6 at the peak position of the arc cloud, at J3a and J3b, and at the peak positions of J4 and J5. The ratio is high at the edges of the clouds in some places, which could be artifacts due to low S/N ratios. Figure  13 shows spatial distributions of the integrated intensity ratio of 13 CO(J=1-0) to 12 CO(J=1-0), R 13/12 , where both lines are detected above 4σ. R 13/12 reflects molecular column density distributions. The ratio is enhanced to be around 0.25 in the arc cloud, J3a and the two peaks of J5. It implies the column density becomes relatively higher at these positions than the rest.
The LVG Analysis
In order to estimate kinetic temperature and number density of the molecular clouds, we carried out the LVG (large velocity gradient) analysis (Goldreich & Kwan 1974) for points where the 13 CO(J=2-1) pointed observations were made. The employed model assumes a spherically symetric cloud where kinetic temperature T kin , number density n(H 2 ) and radial velocity gradient dv/dr are taken to be uniform. We changed T kin and n(H 2 ) within T kin = 6 -500 K and n(H 2 ) = 10 -10 6 cm −3 , where we fix X/(dv/dr) for a cloud size of a few pc and a linewidth of a few km s −1 . For an isotope ratio of [
12 C]/[ 13 C], we adopt 75 at the Galacto-centric distance of ∼9 kpc (Milam et al. 2005) .
We chose eight local peaks p -w of 12 CO(J=1-0) for the 13 CO(J=2-1) pointed observations. Their positions and line profiles are shown in Figures 14 and 15, respectively. We used averaged intensity ratios around the barycenter velocity with a 1 km s −1 window in the LVG analysis. We chose two combinations of the ratios among 12 CO(J=2-1), 13 CO(J=1-0) and 13 CO(J=2-1). We did not use the 12 CO(J=1-0) line since it is generally optically thick and may sample only the nearside lower density gas (e.g., Mizuno et al. 2010) . The averaged intensities and barycentric velocities are listed in Columns (6) - (9) (Frerking et al. 1982) . The results for T kin and n(H 2 ) are shown in Figure 16 . The curves represent each observational line intensity ratio. We also estimated a beam filling factor through dividing the observed line intensity by the calculated line intensity for the three transitions. If this factor becomes greater than 1, the parameter will not be realized (gray areas in Figure 16 ). The density is estimated to be less than 10 3 cm −3 except for the points p, v, and w. At the peak position of the arc cloud and J3, i.e. the points p and w, the density increases to ∼10 3.1 cm −3 . The arc cloud and J1, i.e., points p -s, have low temperature below ∼10 K, whereas the other positions in the jet cloud, especially v and w, have higher temperatures of ∼20 K in a range of 12 -28 K.
Star Formation in the Jet and Arc Clouds
We have searched for young objects in the IRAS point source catalog and the Siptzer/IRAC data from Spitzer Heritage Archive. As a result, we find one possible candidate for a young star toward J3a as shown in Figure 17 . The source is detected significantly toward the 13 CO (J=1-0) peak as a nebulous extended source at 5.8 µm and 8.0 µm. This source is possibly identical with sources detected at 9 µm by the AKARI IRC Point Source Catalogue (IRC PSC) (Kataza et al. 2010 ) and 160 µm by AKARI FIS Bright Source Catalogue (FIS BSC) (Yamamura et al. 2010) , whereas no counterpart can be confirmed in DSS1 Red band, 2MASS J band (Figures 17 e and f) and radio continuum at 843 MHz (Figure 1b) . The flux densities of the AKARI sources are summarized in Table 7 . By the lack of infrared data at the other wavelengths, especially far-infrared, a detailed analysis of the evolutionary stage (e.g., Class 0-III) and estimation of the mass of the young star remain as the future work. It takes ∼Myr for such usual low-mass star formation, as is consistent with the crossing time of the jet cloud of a few Myr. Figure 1b shows a radio continuum image at 843 MHz from the 2nd epoch Molonglo Galactic Plane Survey (MGPS-2) by the Molonglo Observatory Synthesis Telescope (MOST) (Murphy et al. 2007 ) with the integrated intensity of the jet and arc clouds in 12 CO (J=1-0) overlaid. The radio emission is dominated by the thermal free-free emission of the H II region RCW 49. The H II region shows a ridge extending toward the southeast nearly along the jet cloud axis, while its connection with the jet cloud is not clear. We find no significant radio source except for a few unresolved compact sources in the direction of the jet clouds at (l, b) =(284.
• 53, −0.
• 68) and (l, b) =(284.
• 68, −0.
• 74). However, no counterparts of these radio sources are seen in the infrared data such as the Siptzer/IRAC, which show the hot dust heated by nearby H II regions. In addition, R 2−1/1−0 in Figure 12 is not high toward the position of the radio sources, and we find no significant velocity variations around these two radio sources at S ∼ 0.
• 45 and 0.
• 56 as seen in Figures 2 and 3 . Therefore, it is likely that the radio sources are not compact H II regions associated with the jet cloud and may be extragalactic. To summarize, the jet and arc clouds as a whole are not active in star formation.
Comparison with the TeV γ-Rays
In order to see if the γ-rays show spatial correspondence with the molecular gas, we show a comparison of the TeV γ-ray distribution of HESS J1023−575 (H.E.S.S. Collaboration 2011b) with the CO at three velocity intervals in Figure 18 . We show the two energy ranges of 0.7 -2.5 TeV (low-energy band) and of above 2.5 TeV (highenergy band). A source HESS J1026−582 shown by the dashed line is supposed to be a PWN powered by a pulsar PSR J1028−5819 at a distance 2.3 kpc and is not associated with Wd 2 (H.E.S.S. Collaboration 2011b).
We find that the major parts of the two GMCs at 1 -21 km s −1 (Furukawa et al. 2009 ) are within the lowest contour of the γ-rays (Figures 18 a  -d) . Considering the relatively coarse resolution of H.E.S.S. ∼ 0.
• 07, the two GMCs may be possible candidates for the γ-ray production via the hadronic process (Fujita et al. 2009b ; H.E.S.S. Collaboration 2011b). On the other hand, the jet and arc clouds are located around HESS J1023−575, showing an anti-correlation with the γ-ray distribution, whereas there is relatively bright H I gas toward the γ-rays ( Figures  18 e and f) . The target protons may be mostly atomic, if the γ-rays are of the hadronic origin from the jet and arc clouds region. The distribution at the high-energy TeV γ-ray band shows a hint of elongation along the jet cloud direction, suggesting that the γ-ray source may be related with the jet cloud. In the high energy band, another faint source is detected about 4σ but less than 5σ toward the jet cloud at (l, b) = (284.
• 8), possibly suggesting association with the jet cloud. Toward this new γ-ray source only a radio source at (l, b) =(284.
• 68,−0.
• 74) in Figure 1b exists within the 4σ contour. However, there is no identification of the radio source in Véron-Cetty & Véron (2010) and Manchester et al. (2005) so far. The radio source may also be a possible candidate of the new γ-ray source counterpart, but this cannot be confirmed. We discuss further on the γ-ray origin toward the Wd 2 region in Section 4.4. Most of the individual jet and arc clouds have density, temperature and linewidth similar to the other Galactic molecular clouds like the Taurus dark cloud. The highly filamentary and elongated nature of the jet cloud having 100 pc length and several pc width may, however, be fairly exceptional among the Galactic clouds; the typical filamentary clouds have shorter projected lengths of 10 -50 pc (e.g., Taurus: Mizuno et al. 1995; Chamaeleon: Mizuno et al. 2001; L1333: Obayashi et al. 1998 . It is also notable that the arc cloud having 10 4 M ⊙ shows an outstanding crescent shape; we have not yet been informed on such a well-defined arc-like cloud to date in the literature. If the blue-shifted features J2 -J4 and the red-shifted features J3 -J5 are physically connected, part of the jet cloud has a velocity span of ∼10 km s −1 . These broad features may not be gravitationally bound by the self-gravity for the cloud mass and size of ∼ 10 4 M ⊙ and ∼10 pc, respectively (Columns 3 and 4 in Table 5 ). We shall discuss the origin of the jet and arc clouds later into more detail.
The molecular clouds toward Wd 2 consist of two groups of different velocity ranges, −10 -20 km s Figure  14) . We therefore infer that the jet and arc clouds are not close enough to be heated by RCW 49 or Wd 2 and this geometrical separation is consistent with the velocity difference of the two groups by ∼20 km s −1 and with a kpc-scale separation between them.
By comparison with the TeV γ-ray distributions in Figure 18 , we suggest that the jet and arc clouds are physically associated with HESS J1023−575 and are located at a distance of 7.5 kpc, larger than that of Wd 2 of 5.4 kpc. A consequence of this location is that the scenarios for γ-rays production due to the stellar winds/blister energized by the stellar cluster may not be appropriate.
In the followings, we shall discuss on 1) the formation of the jet cloud, 2) the formation of the arc cloud, and 3) the possible origin for the γ-ray source.
Formation of the Jet Cloud
Paper I presented a hypothesis about the formation mechanism of the jet cloud as follows: first, a high-energy jet driven by an anisotropic SN explosion or by a microquasar is injected into the ambient atomic or molecular gas. The gas is then compressed cylindrically by the shock fronts due to the high-energy jet. Eventually, molecular clouds with a linear shape were formed in the compressed gas.
Asahina et al. (2013) carried out magnetohydro-dynamical (MHD) numerical simulations of the interaction between a high-energy jet and ambient ISM. As the initial conditions, they assume H I gas in the Cold Neutral Medium (CNM) phase with temperature of ∼200 K and density of ∼10 cm −3 . The velocity and radius of the highenergy jet were assumed to be 200 km s −1 and 1 pc, which aims at modeling the high-energy jet slowed down in the interaction with the ISM, or, the high-energy jet launched by a rotating disk much larger than the size of the compact object. Such a jet is actually consistent with SS 433, the microquasar having the X-ray jet (Brinkmann et al. 1996) extending by ∼50 pc from the central object at a distance of ∼3 kpc (Dubner et al. 1998 ; a different distance of 5.5 kpc is estimated by Hjellming & Johnston 1981; Blundell & Bowler 2004) . When the high-energy jet is injected, the H I gas is compressed and heated up, where this heating will be on a scale much smaller than pc. In the calculations, a cooling function defined in Inoue et al. (2006) is adopted, whereas the self-gravity is not included. By the cooling effect, the compressed gas finally becomes cool and dense with temperature of ∼ 50 K and density of ∼ 50 cm −3 due to the thermal instability. It is possible that such cool and dense gas can be transformed by self-gravity into the molecular clouds which trace the trajectory of the high-energy jet. The column density of the H I gas is actually enhanced toward the jet cloud as shown in Figure  10 (a). Enhancement of the H I gas column density along the jet cloud axis is also seen in SS 433 and in another candidate for the molecular jet at (l, b) =(348.
• 5, −2 • -+2 • ) (Yamamoto et al. 2008) . Asahina et al. (2013) have shown that the compressed gas has an expansion velocity of ∼2 km s −1 perpendicular to the propagation axis of the high-energy jet. This is consistent with the full linewidths of the individual jet clouds of ∼ 2 -5 km s −1 (Column 10 in Table 3 ). Although the anisotropic jet-like SN explosion is suggested in Paper I, there is no numerical simulation on such a process. We shall not discuss this alternative further in the present work. The numerical simulations by Asahina et al. (2013) may also be applicable to the anistropic jet-like SN explosion if the physical parameters such as the jet speed and the shock strength are similar to those in Asahina et al. (2013) .
The interaction may cause heating of the gas, while the cooling by molecule lines is fairly rapid like 10 4 yrs or less for density around 10 3 cm −3 or higher as derived in the present LVG analysis shown in Figure 16 and Table 6 (e.g., Goldsmith & Langer 1978) . In Section 3.3.2 the distribution of the line intensity ratio 12 CO (J=2-1)/(J=1-0) is shown in Figure 12 , which indicates that the kinetic temperature may become higher in a few places in the jet cloud, i.e., toward J3a, J3b, J4 and J5. J3a and J3b show line ratios of 0.6 -0.8 implying temperature of ∼20 K, significantly higher than the usual temperature of the molecular gas, 10 K, with no extra local heating. We also note that parts of J4 and J5 show somewhat higher line intensity ratios above 0.7, and they may suggest some extra shock heating due to the high-energy jet. A possibility is that J4 and J5 accelerated by the high-energy jet are still interacting with other molecular gas and have been causing a shock heating until now. J3a has a sign of recent star formation as shown in Section 3.4 and it may be an alternative that this young star is radiatively heating J3a, while the star with no thermal radio continuum source (Figure 1b) may not be luminous enough to explain the temperature excess.
The winding shape of the jet cloud in a few places is intriguing (Sections 3.1.1 and 3.1.2) and may give some hints on the details of the interaction of the high-energy jet. For instance, the winding shape may trace MHD instability of a helical shape in the propagating magnetized jet. Such helical patterns are in fact observed in MHD numerical simulations of the high-energy jet (e.g., Nakamura et al. 2001) . It is also interesting to see the time variation of the high-energy jet; a question is if the jet is impulsive or intermittent over a time scale of Myr. It may be difficult to explain the winding shape of the remnant molecular gas by a continuous helical flow of the high-energy jet material, which may destroy the helical pattern even if it is once formed. Because of this, impulsive or intermittent jet may be favorable.
Formation of the Arc Cloud
We shall then discuss the formation of the arc cloud. The present work has shown two new detailed aspects of the arc cloud. One is the western jet cloud identified toward the arc cloud, which seems to be terminated in the middle of the arc cloud, and the other is that the arc cloud shows symmetry with respect to the jet cloud axis. The arc cloud is also part of the H I shell as suggested in Paper I (see Figure 3 of Paper I).
An obvious explanation of the formation of the arc cloud is an SN explosion. In order to test this possibility we calculate the radius and mass of a shell formed due to an SN explosion by using equa-tions in Appendix B. We shall assume a uniform ambient density, 10 51 erg for the total mechanical energy of the SN explosion, and 10 4 km s −1 for the initial velocity of the shock, and calculate the parameters when the shock velocity decreases to the sound speed of typical temperature ∼100 K in the CNM, i.e. ∼1 km s −1 . According the calculations, when the ambient density is ∼1 cm −3 , the radius reaches 45 pc, which is consistent with that of the arc cloud at the distance of 7.5 kpc, for an age of 5 × 10 4 yr. But the mass of the shell is only 9.1 × 10 3 M ⊙ , which is much smaller than the observed total mass of the arc cloud and H I shell ∼ 2×10 5 M ⊙ . To explain the mass of the arc cloud and H I shell, the ambient density of 15 cm −3 is required, but, if so, the radius of an SNR becomes smaller as 34 pc for an age of 1 × 10 5 yr. If the mechanical energy of the SN explosion is higher by a factor of 5, i.e., 5 × 10 51 erg, both of the radius and mass of the arc cloud and H I shell can be explained even if the ambient density is 15 cm −3 . However, we should note that the calculations include many assumptions such as the uniform density, and the real situations may be more complicated. In addition, we have another problem of the column density contrast between the H I shell and the CO arc of about 1:10. It is questionable if the shell can expand to a similar radius for such density contrast. Therefore, we have to note that there are difficulties on the SN explosion to form the arc cloud.
As an alternative possibility of the formation mechanism of the arc cloud, we shall consider the interaction of the high-energy jet. The shape of the arc cloud is symmetric about the jet cloud axis, and the western jet cloud is elongated along the jet cloud axis. These properties suggest that the high-energy jet is tightly related to the formation of the arc cloud. Asahina et al. (2013) shows that the high-energy jet forms a bow shock in the adiabatic case. This suggests that, if the cooling is not dominant, the interaction may form a bowshock like arc cloud at the edge of the western jet cloud. A ring-like radio structure similar to the arc cloud is observed around the microquasar Cyg-X1 (Gallo et al. 2005) and it is believed that the interaction between the high-energy jet and surrounding ISM created the structure. This radio emission originates from the bremsstrahlung from hot plasma, and some atomic lines such as Hα and O III are also detected in the radio ring (Russell et al. 2007 ). If such hot gas cools down, molecular gas like the arc cloud may be formed. It is desirable that a further study is devoted to pursue the formation of the bow shock driven by the high-energy jet via numerical simulations in order to have a better insight into the bow shock formation. It is puzzling that the eastern and western jet clouds are fairly asymmetric in the sense that the eastern jet cloud is extended by a factor of 2.5 than the western jet cloud. The arc cloud suggests that the ISM in the western region is more massive than in the eastern region of Wd2 and may offer a possible explanation on the asymmetry.
Origin of the γ-Rays
We shall discuss the origin of the γ-rays of HESS J1023−575 in the present framework based on the jet and arc clouds. Since the γ-rays are distributed inside the H I shell, where there is no CO, in Figure 18 , the H I gas is considered as the targets for CR protons, if the γ-rays are of the hadronic origin. The basic timescales of the hadronic process are the cooling timescale and the diffusion timescale. Density of the target protons in a sphere with radius of 0.
• 18 centered at the central position of HESS J1023−575 is derived to be n inner =12 cm −3 at 7.5 kpc. Then, the cooling time scale due to the pp-interaction is given as follows (Gabici et al. 2009 ),
Also, since the radius of the γ-ray extent (0.
• 18) becomes R inner =24 pc at 7.5 kpc, the diffusion time scale of CR protons is given as follows (Gabici et al. 2009 ),
where E p =10 TeV is the CR proton energy, the magnetic field strength B is assumed to be 10 µG and χ means the deviation from typical diffusion coefficient in the Galaxy. If an SN explosion occurred in the past, magnetic turbulence will be enhanced and yield low χ value such as 0.01. Equations (4) and (5) show that the diffusion timescale is much shorter than the other timescales although the cooling timescale is consistent with the cross-ing timescale of the jet and arc clouds. Therefore, the particle acceleration should occurs within ∼ 10 4 yr in the hadronic scenario. 5 yr as estimated by the spin-down rate (Kargaltsev & Pavlov 2010) . On the other hand, toward Wd 2, no SNRs are known, and conclusive evidence of a PWN has not been found. Even if HESS J1023−575 is either an SNR or PWN associated with the jet and arc clouds, lifetime of the relativistic particles accelerated at the SNR or PWN are much shorter than the age of the jet and arc clouds of ∼Myr suggested by the crossing timescale and the existence of star formation. If an SN which is a progenitor of the SNR or PWN created the jet and arc clouds in ∼Myr ago, the relativistic particles from the SNR or PWN must have already cooled or escaped in the first ∼ 10 4 yr, and cannot emit the TeV γ-rays at present. The same reasoning will be applied to the hypothesis, an anisotropic SN explosion (Sections 4.2 and 4.3). Therefore, an SNR or a PWN is not likely as the origin for HESS J1023−575, if the jet and arc clouds and HESS J1023−575 are due to a single object.
Most known TeV
The only remaining possible candidate for the γ-ray origin is the CRs accelerated in microquasar jet interacting with the ambient ISM. Particle acceleration of the termination shock of microquasar jet interacting with the ISM has been theoretically studied and it is shown that such interaction can produce CRs (e.g., Bosch-Ramon et al. 2005) . The microquasar may have a potential to be active over ∼Myr, even intermittently, which favors the molecular cloud formation. Figures 18 (e) and (f) indicate that there exists relatively dense H I gas beyond the TeV γ-ray extent, suggesting that the spatial extent of the CR protons should be similar to that of the TeV γ-rays. The CRs may be confined by the dense H I shell and the arc cloud. Total energy of the CR protons estimated from the TeV γ-ray luminosity L γ (1-10 TeV) is given as follows; W p (10-100 TeV) ∼ 7×10 48 erg t pp 5 × 10 6 yr L γ (1-10 TeV) 4.5 × 10 34 erg s −1 . (6) Here, we use the γ-ray luminosity 4.5×10 34 erg s −1 derived at 7.5 kpc. If this energy is released during the diffusion time of ∼10 4 yr, averaged power injected to the CR protons becomes ∼ 2 × 10 37 erg s −1 which is consistent with the theoretical work (Bosch-Ramon et al. 2005) .
The total radio fluxes of the known microquasors (e.g., SS 433, LS I +61 303, LS 5039 and Cyg X-3) located within several kpc are measured to be 867 mJy, 42 mJy, and 87 mJy at 1.4 GHz, respectively (Paredes et al. 2002) . On the other hand, the observed flux toward RCW49 is larger than 1 Jy beam −1 at 843 MHz as seen in Figure 1 . It is thus hard to distinguish a microquasar from the strong and complicated radio emission, if it not exceptionally bright like SS 433.
We should note that the physical characteristics of HESS J1023−575 are different from those of the other microquasars in the Galaxy. The γ-rays toward microquasars have been discovered at Cyg-X1 (Albert et al. 2007; Sabatini et al. 2010 ) and Cyg-X3 (Fermi LAT Collaboration 2009). They are compact (unresolved) and have a time modulation or flares. The γ-ray binaries, such as LS 5039 (Aharonian et al. 2006a; Abdo et al. 2009b ) and LS I+61
• 303 (Albert et al. 2006; Acciari et al. 2008; Abdo et al. 2009a) , which are thought to be candidates of microqusars, also have compact features and time modulations. We infer that the γ-ray radiation mechanisms are different between HESS J1023−575 and the other microquasars in physical conditions such as density of the ambient matter.
As shown in Section 3.5, the faint γ-ray emission was discovered toward the jet cloud J3 at (l, b) = (284.
• 8) by the new H.E.S.S. observations. A counterpart such as a pulsar or blazar toward the source has not been found so far. Since this γ-ray spot is ∼ 0.
• 6 (∼60 pc at 5.4 kpc and ∼30 pc at 2.4 kpc) away from Wd 2 and PSR J1023−5746, the cluster or the pulsar cannot be responsible for the γ-ray emission. If the γ-ray emission toward the jet cloud is of the hadronic origin by the reaccelerated protons, the cooling timescale and diffusion timescale are esti-mated to be as follows;
(8) at 7.5 kpc. Here, n J3 is number density of the J3 cloud obtained by the LVG analysis in Table  7 , and R J3 is the radius of J3 in Table 5 . By assuming that the luminosity of the γ-ray source is an order of magnitude less than that of HESS J1023−575, the total energy of the reaccelerated protons is estimated as
10 33 erg s −1 (9) If this total energy of the reaccelerated protons is released for the diffusion time of 7 × 10 3 yr, averaged power injected to the relativistic protons is derived to be ∼ 8 × 10 33 erg s −1 . The kinetic power of a microquasar jet like SS 433 is more than enough to explain such power.
CONCLUSION
We summarize the present work as follows; we presented detailed CO (J=2-1 and 1-0) distributions of the jet and arc clouds which were discovered toward Wd 2 by Paper I. The jet cloud consists of two components, the eastern jet cloud and the western jet cloud, well aligned on an axis passing near the peak of the TeV γ-ray source HESS J1023−575. The total length of the jet cloud is ∼140 pc in the sky. The eastern jet cloud shows unique winding distributions and a bifurcation. The western jet cloud has been resolved toward the arc cloud by the present work. The arc cloud shows a crescent shape whose velocity distribution does not indicate a sign of expansion. The arc cloud seems to constitute part of the H I shell having a size of 30 -40 pc, which appears to surround HESS J1023−575. The jet and arc clouds show strong correspondence with the TeV γ-rays but their correlation with Wd 2 is not clear. We therefore associate the jet and arc clouds with HESS J1023−575 but not necessarily with Wd 2. Rather, the kinematic distance of the jet and arc clouds is estimated to be 7.5 kpc, whereas that of Wd 2 is 5.4 kpc, suggesting that the jet and arc clouds are significantly separated from Wd 2. If this is the case, the stellar wind collision by Wd 2 is not a viable scenario in the γ-ray production toward Wd 2.
The jet cloud shows a sign of star formation on its edge but the arc cloud shows no sign for star formation. The temperature of the jet and arc clouds is estimated toward eight selected positions by the LVG analysis of the three transitions, 12 CO (J=2-1) and 13 CO (J=2-1 and J=1-0). The results are consistent with kinetic temperature around 10 K and molecular hydrogen density around 10 3 cm −3 , whereas, toward a few positions in the jet cloud, we find that temperature is as high as 20 K, possibly suggesting some additional heating like that due to the shock interaction.
The TeV γ-rays toward Wd 2 show a strong correspondence with the jet and arc clouds instead of Wd 2 and RCW 49. This association favors a distance of 7.5 kpc for the γ-ray source, the same as the jet and arc clouds. If an event formed both of the jet and arc clouds and HESS J1023−575, SNRs and PWNe are not able to explain the present γ-rays emission because of short lifetime of the accelerated particles compared with the age of the clouds. We discuss two possible hypotheses on the origin of the jet and arc clouds and the TeV γ-ray emission, 1) a microquasar jet or 2) an anisotropic SN explosion with a microquasar jet driven by the stellar remnant. For these scenarios it is necessary to assume that the microquasar is active over 10 6 yrs as the origin of the current TeV γ-rays, whereas such a microquasar has not yet been observed elsewhere in the Galaxy. HESS J1023−575 remains as one of the most enigmatic TeV γ-ray sources.
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A. VELOCITY DISTRIBUTION OF EXPANDING SHELL

B. EVOLUTION OF SNR
A simple model of the evolution of SNRs is explained by three phases; the free expansion phase in which the shock velocity is constant, the Sedov-Taylor phase in which the shock expands adiabatically, and the radiative phase in which the energy is lost by radiation (e.g., Sturner et al. 1997; Yamazaki et al. 2006) . The shock velocity V s for each phase is written by function of the age of SNRs t as follows;
where v i is the initial shock velocity when the supernova explosion occurs. t 1 and t 2 are transition time from the free expansion phase and Sedov-Taylor phase, respectively, to the next phases, and are written as yr (Blondin et al. 1998 ). E 51 is an expansion energy in unit of 10 51 erg, and n 0 is an uniform ambient density in unit of cm −3 . v i,4 is given from v i = v i,4 × 10 4 km s −1 . For the radiative phase, we use that the evolution of the shock velocity obeys ∝ t
approximately in the epoch of 10 5 yr (Blondin et al. 1998; Bandiera & Petruk 2004) .
Radius of an SNR are derived by integrating (B1) along the time, i.e. R(t) = V s (t)dt. We show the radii in the free expansion phase R f , the Sedov-Taylor phase R s , and the radiative phase R f in the follows,
Mass swept by the SNR M swept is estimated by • 2 to 0.
• 2. The contours are drawn every 0.059 K degree (= 4σ) up to 5 levels. The components drawn only with contours correspond to the GMC at 16 km s • 2 to 0.
• 2. The contours are drawn every 0.16 K degree (= 4σ) up to 5 levels. The components drawn only with contours correspond to the GMC at 16 km s −1 (outside of the dashed-line bouding box). The symbols are the same as in Figure 2 . • 2 to 0.
• 2. The contours are drawn every 0.20 K km s −1 (= 3σ) from 0.26 K km s −1 (= 4σ). The components drawn only with contours correspond to the GMC at 16 km s −1 (outside of the dashed-line bouding box). The symbols are the same as in Figure 2 • 2 -284.
• 4, −0.
• 25) for H I and in (l, b)=(283.
• 8 -285.
• 1, −1.
• 0) for CO. Components of GMCs at the 4 km s a H 2 column density at the integrated intensity peak. b Radii of J4 and J5 are derived by the integrated intensity maps of 12 CO(J=2-1) above 4σ. c Mass of J4 and J5 are derived by converting the integrated intensities of 12 CO(J=2-1) into those of 12 CO(J=1-0) with mean integrated intensity ratios of 0.43 for J4 and of 0.47 for J5 in the regions detected in 12 CO(J=2-1) above 4σ. Note.-Definition of J1 -J5 is referred in Figure 5 and Section 3.1.1. T MB is the main beam temperature, V LSR central velocity, ∆V linewidth, W CO total integrated intensity at the peak position of each cloud, and ∆Vcomp composite (averaged) linewidth for the entire region of each cloud. T MB , V LSR and ∆V are determined by fitting the spectra with Gaussian. ∆Vcomp is obtained by the Gaussian fitting for the averaged line profiles where the integrated intensity is greater than 4σ. Note.-Meaning of each parameters are the same as in Table 2 . ∆Vcomp is obtained by the Gaussian fitting for the averaged line profiles where the integrated intensity is greater than 4σ. Note.-Parameters in this table were obtained by binding up two channels to decrease the noise. Meaning of each parameters are the same as in Table 2 . ∆Vcomp is obtained by the Gaussian fitting for the averaged line profiles where the integrated intensity is greater than 3σ. a T obs1 , T obs2 and T obs3 represent the observed intensities in 12 CO(J=2-1), 13 CO(J=1-0) and 13 CO(J=2-1), respectively, averaged in 1 km s −1 width around the barycentric velocities V G .
